The pursuit of sustainability has been at the forefront of contemporary planning initiatives. However, most recent research has focused on the environmental and economic aspects of developing sustainable urban environment, whilst largely neglecting the social aspects. Contemporary political thinking in the UK often disregards the potential of the urban infrastructure to improve social equity. The aim of this study was to analyse the impact of transport infrastructure on a variety of social measures, in an empirical and ideologically unbiased fashion, using both quantitative and qualitative methods. We selected "Tramlink" as a case study: a light-rail system in the London Borough of Croydon which began operation in 2000. We used quantitative methods, including advanced spatial statistics, to produce a more detailed analysis of social equity than has been previously published. This acknowledges that determining localised issues can produce more informed and effective policy interventions. Our results demonstrate that the physical properties of transport infrastructure and the non-physical attributes of society, in combination, help to create opportunities for individuals to succeed. We also find that in order to reduce the negative effects of austerity, public money could be more effectively spent if diverted to areas that are most in need which can be highlighted through localised investigations.
Introduction
The pursuit of sustainability has been at the forefront of contemporary planning initiatives. However, the majority of recent research has focused on the environmental and economic aspects of developing a sustainable urban environment, whilst neglecting the social issues [1] [2] [3] [4] . Recent trends highlight increased social division within cities [5] [6] [7] [8] , reminding us of the importance of considering the social sustainability of future projects.
To some extent, investigating the role of transport within the urban environment can provide answers regarding social sustainability [9] [10] [11] [12] . It is acknowledged that public transport investments can increase accessibility to opportunities, such as education, leisure, employment and retail [13] [14] [15] , through a reduction in the "friction of distance", as well as through "time-space compression" [16] [17] [18] [19] . Yet there is little empirical evidence that infrastructure interventions, particularly those involving transport infrastructure, can improve social sustainability and even less investigation of the influence at a localised level testing for spatial accessibility [20] . An association is generally assumed, as evidenced by the new urbanism, for compact city and urban design movements [20] [21] [22] . However, for large investments in transport infrastructure to be politically viable (especially following the financial crash and subsequent squeeze on public spending), such evidence is required [23] . This is particularly pertinent within the UK context where spending on public goods, such as transport, has reduced significantly due to austerity measures. For example, between 2010 (when the Conservative-Liberal Democrat coalition came into power) and 2012, there was a 20 per cent reduction in public spending on transport [24] . With budgets squeezed, investing at the localised level can promote more efficient spending regimes and, therefore, negate the destructive effects of austerity. However, decisions on funding public transport in the future will require empirical evidence regarding their impacts on local communities and wider society [25] . Spatial statistics are becoming prominent within academia with the likes of Fotheringham pioneering methods [26, 27] in many respects, however this has yet to fully penetrate academic city planning. Therefore, the aim of this research was to evaluate equity in the association between spatial accessibility and the distribution of socio-economic groups using Tramlink in the London Borough of Croydon as a case study to identify if localised results could help to pinpoint policy interventions.
Case Study Context
The London Borough of Croydon is situated on the southern edge of Greater London ( Figure 1 ). Prior to Tramlink, the Borough lacked reliable public transport, with one third of Croydon falling into the "least accessible" classification of London Boroughs [28] . Tramlink was introduced as part of the comprehensive "Croydon 2020" regeneration plan which saw the reintroduction of light-rail onto the streets of London after an absence of nearly 50 years [29] . The system currently serves a population of around 180,000 people and its ridership is high, with around 16 million passengers per year, with 20 per cent of these journeys transferring from cars over time [28] . It has yet to be determined whether the introduction of Tramlink has improved social equity and if its prevalence varies across space. When selecting this case study, it was important to find a public transport project that had been completed sufficiently long ago for new habits to have formed in order to provide an insight into how social equity through accessibility intertwines with human agency. Croydon fulfilled this requirement as over 15 years had passed since Tramlink began operation in 2000 [29] , and data from 2015 was used. It also offered a rich dataset with data provided at the Lower Super Output Area (LSOA) for all 220 zones in Croydon. at a localised level testing for spatial accessibility [20] . An association is generally assumed, as evidenced by the new urbanism, for compact city and urban design movements [20] [21] [22] . However, for large investments in transport infrastructure to be politically viable (especially following the financial crash and subsequent squeeze on public spending), such evidence is required [23] . This is particularly pertinent within the UK context where spending on public goods, such as transport, has reduced significantly due to austerity measures. For example, between 2010 (when the ConservativeLiberal Democrat coalition came into power) and 2012, there was a 20 per cent reduction in public spending on transport [24] . With budgets squeezed, investing at the localised level can promote more efficient spending regimes and, therefore, negate the destructive effects of austerity. However, decisions on funding public transport in the future will require empirical evidence regarding their impacts on local communities and wider society [25] . Spatial statistics are becoming prominent within academia with the likes of Fotheringham pioneering methods [26, 27] in many respects, however this has yet to fully penetrate academic city planning. Therefore, the aim of this research was to evaluate equity in the association between spatial accessibility and the distribution of socioeconomic groups using Tramlink in the London Borough of Croydon as a case study to identify if localised results could help to pinpoint policy interventions.
The London Borough of Croydon is situated on the southern edge of Greater London ( Figure 1 ). Prior to Tramlink, the Borough lacked reliable public transport, with one third of Croydon falling into the "least accessible" classification of London Boroughs [28] . Tramlink was introduced as part of the comprehensive "Croydon 2020" regeneration plan which saw the reintroduction of light-rail onto the streets of London after an absence of nearly 50 years [29] . The system currently serves a population of around 180,000 people and its ridership is high, with around 16 million passengers per year, with 20 per cent of these journeys transferring from cars over time [28] . It has yet to be determined whether the introduction of Tramlink has improved social equity and if its prevalence varies across space. When selecting this case study, it was important to find a public transport project that had been completed sufficiently long ago for new habits to have formed in order to provide an insight into how social equity through accessibility intertwines with human agency. Croydon fulfilled this requirement as over 15 years had passed since Tramlink began operation in 2000 [29] , and data from 2015 was used. It also offered a rich dataset with data provided at the Lower Super Output Area (LSOA) for all 220 zones in Croydon. 
Materials and Methods
The literature has so far ignored spatial autocorrelation among locally produced data relating to the urban environment [30, 31] and therefore overlooked Waldo Tobler's [32] first law of geography: "[e]verything is related to everything. But near things are more related than distant things" [33, 34] . With the influx of open source data now available [35] , Fotheringham and Rogerson [36] and Openshaw [37] have called for more localised modelling in an attempt to take account of Tobler and this paper heeds these calls and has thus implemented statistical models that allow for localised modelling through distance decay. It was determined that creating localised results could focus the debate, allowing for issues to be pinpointed across space instead of a "one size fits all" attitude which is currently adopted within the "top down" governance structure.
In this study, we used localised modelling methods that accounted for local variations in data produced by the heterogeneity of the urban environment. To do this, we used geographically weighted regression (GWR), a tool for exploring spatial data [38] .
Initial Variable Selection
The first step was to define the term "social equity" as we use it here. Social equity is rooted within the concepts of social justice, distributional justice and equality [4, 39, 40] . Social equity is also linked to personal mobility as it includes the ability of residents to access services and opportunities [41, 42] . Consequently, this paper's definition of social equity is embedded within personal accessibility and therefore an improvement in social equity would occur through an improvement in an individual's connectivity to education, leisure and employment [13, 40, 43] . As this paper is investigating the association between spatial accessibility and social equity, the dependent variable is accessibility. To describe an area's accessibility, we used public transport accessibility level (PTAL) data from Transport for London (TfL) . PTALs have been rigorously tested and provide accurate and detailed measures of the accessibility of public transport in London, taking into account reliability and availability of services [44] . They do not, however, consider some factors that may be significant, such as ease of interchange and overcrowding [44] [45] [46] , therefore PTALs are not an all-encompassing measurement.
We identified candidate independent variables for our model through a review of literature. In order to create greater social equity, it is important to understand how to implement successful measures to counteract disparities. However, there is contradictory evidence on the relationship between the infrastructure and the urban environment in this respect. Some see public transport as an influencer, creating a "common wealth" to help the population meet their needs and, accordingly, providing everyone with a certain level of mobility to reduce barriers to entry to local amenities, jobs and education and create a more inclusive society [41] . However, in most literature, this is not a prominent theme, as it promotes public transport's environmental qualities over its social sustainability potential and fails to evaluate transport infrastructure from a social equity perspective [47] [48] [49] .
One approach to identifying the transport infrastructure's association with society is the use of "structuration theory". Originally conceptualised by Anthony Giddens [50] , structuration theory identified power relations between social activities and structures, and the theory has subsequently been developed more generally within urban planning and the social sciences [51] . The concept of "structure-agency" is often used within social science to capture the ways in which structures can affect the agency of individuals [52] [53] [54] , although the association between the two is disputed. This concept should be fundamental to planning theory as it highlights the power of both humans as agents that have a relationship to their outcomes and infrastructure within the urban environment as a structure in which human agency is restricted or enhanced [51, 55, 56] . Nevertheless, arguments emphasising the importance of demographic characteristics and socio-economic status over infrastructure interventions have dominated the majority of modern academic and political spheres see [22, [57] [58] [59] . Unfortunately, producing effective policy in this area is currently challenging due to this lack of agreement over whether, how and to what extent the urban environment has a relationship to human agency [45] . In this context, human agency means humans' ability to create actions. This is the structure agency debate, in other words humans' ability against the structures -both physical and non-physical -that they find themselves within.
From a political perspective, an infamous criticism of investment in public goods came from former Prime Minister, Margaret Thatcher, who stated that, "there is no such thing as society" [20] . This statement implied that structural forces of infrastructure were redundant and that there was no need for public goods, such as public transport, as private enterprise could successfully provide for the needs of individuals [20, 45] . This idea has been further developed by prominent sociologist Emile Durkheim who stated that social phenomena were the all-encompassing influencer on human activities and thus, " . . . suggested that the physical environment should be ignored . . . for it was deemed unimportant in social life".
This disregard for the urban environment fails to recognise its role in enhancing or restricting individuals as agents in their activities as these always occur within physical structures [19, 20, 50] . Furthermore, human social characteristics are themselves a product of the physical environment in which they are created [19, 20] . Therefore, human agency is still being restricted or enhanced within current physical structures, which are neglected in the debate. Physical structures also create habits in human behaviour which over time become challenging to delineate from other factors. Also, interventions can create new habits that need to be acknowledged within critiques of urban planning [60] .
Beyond structuration theory, a "critical realist" approach offers a philosophical platform to create an understanding of how structural conditions, such as transport infrastructure, influence human action. As Allan Pred explains: " . . . people do not produce history and places under conditions of their own choosing, but in the context of already existing, directly encountered social and spatial structures" [45, 61, 62] . This theoretical position assumes that both structures and agents have properties that influence behaviour [45, 63, 64] .
A critical realist perspective theorises that the urban environment and our physical surroundings are simply social constructs, thus encompassing the limitations of the urban environment and its association with human agency in the structure-agency debate. Therefore, material structures (such as buildings and roads), as well as immaterial structures (such as non-physical property relations, cultural factors and prevailing beliefs) all affect human agency. Both material and immaterial structures hold power which in turn creates power for human actions [45] . These structures are then reproduced, modified and altered through human agency, yet these changes occur slowly due to the inflexibility of the physical structures, as well as habitus [65, 66] .
The question therefore revolves around accessibility's association with qualities defined through socio-economic attributes such as: employment, education, housing and services. These attributes have been described as a human's basic needs and therefore the state's welfare regime should provide these to an adequate standard as a right [45] . However, few empirical studies have emphasised transport-related social equity issues e.g., [47, 48] .
Through this literature review, we identified 13 candidate variables (Table 1) , however these were then refined, as described in the following sections. Census outputs. In 2011, these LSOAs had an average of 700 households and 1700 residents. Measures of proximity (to give a reasonably compact shape) and social homogeneity (to encourage areas of similar social background) were also included [67] . There were 4835 LSOAs in Greater London in 2011. The 2011 LSOA map is used as a basic boundary map in the analysis, which is in line with the previous study conducted in London by Cao and Hickman [68] . The resolutions of all data sets provided are at LSOA level.
Correlation Analyses and AIC c Model Optimisation
Having identified the candidate independent variables, we then reduced them to a smaller number of variables using two methods: (i) by removing any highly correlated independent variables; and (ii) by using the stepwise corrected Akaike Information Criterion (AIC c ) method of model optimisation, where the correction was for a finite sample size [69] . Local modelling is particularly susceptible to multicollinearity issues compared to global modelling [70] ; therefore, it was of utmost importance to rigorously test for this in our study. We tested the correlation between independent variables using Pearson product-moment correlation coefficient (r) as all variables were continuous. We excluded those independent variables with a p-value below 0.05 from further analysis [71] , leaving eight candidate variables (Table 1) . Secondly, we refined the possible independent variables in our model using AIC c model optimisation. The AIC c is a calculated score which measures the quality of a statistical model given a particular set of data and can also be used to compare local and global models. When the AIC c values of two separate models differ by more than three, they are considered significantly different [69, 72, 73] . To do this, we built eight separate GWR models (as per Equation (1)), each including only one of the remaining eight independent variables (and excluding all others). From these, we selected the variable which produced the model with the lowest AIC c . We then increased the number of independent variables in the model to two and tested all seven combinations with the remaining variables. From these, we again selected the model with the lowest AIC c . We then increased the number of independent variables in the model to three and tested all six combinations with the remaining variables. From these, we again selected the model with the lowest AIC c . We continued this iterative process of adding independent variables until the AIC c value no longer fell by more than three from one iteration to the next. This occurred when we added a fifth variable, so we therefore excluded the fifth to eighth variables and retained only four variables for further analysis (Table 1 ). Figure 2 illustrates those variables that were included and excluded.
independent variables in the model to two and tested all seven combinations with the remaining variables. From these, we again selected the model with the lowest AICc. We then increased the number of independent variables in the model to three and tested all six combinations with the remaining variables. From these, we again selected the model with the lowest AICc. We continued this iterative process of adding independent variables until the AICc value no longer fell by more than three from one iteration to the next. This occurred when we added a fifth variable, so we therefore excluded the fifth to eighth variables and retained only four variables for further analysis (Table 1) . Figure 2 illustrates those variables that were included and excluded. 
Geographically Weighted Regression (GWR) Model
We used the following GWR model throughout this study:
where Y is the dependent variable (accessibility); Xn is the independent variables in the model (see 
Semi-parametric Model Testing
We tested our resulting model (with four independent variables) for geographic homogeneity in order to test whether the model was semi-parametric (some variables varying spatially with others homogeneous over space) or fully localised (all variables varying over space). To do this, a full GWR model was compared to four semi-parametric models in which one variable was artificially kept constant over space. We found no significant difference between the AICc score of the full GWR model and the AICc score of any of the individual semi-parametric models. This suggested that all four selected variables varied over space [69] and they were therefore all included in the model for further analysis.
Significance and Goodness-of-fit
In the output of our GWR analysis, a significant relationship was indicated by a regression parameter estimate at a particular location (βn[i]) being significantly different from zero. We 
Geographically Weighted Regression (GWR) Model
where Y is the dependent variable (accessibility); X n is the independent variables in the model (see Table 1 ); β n is the estimate of the regression parameters; and ε is an error term. The parameter estimate displays the empirical data as an estimate of the sample used within this research. The GWR model produces models where data is obtained from each individual location [i] . This means that each parameter estimate β n [i] will become a function of its location [i] and will display the spatial variability of accessibility and the independent variables X n across the study area [69] .
Semi-Parametric Model Testing
We tested our resulting model (with four independent variables) for geographic homogeneity in order to test whether the model was semi-parametric (some variables varying spatially with others homogeneous over space) or fully localised (all variables varying over space). To do this, a full GWR model was compared to four semi-parametric models in which one variable was artificially kept constant over space. We found no significant difference between the aic c score of the full GWR model and the aic c score of any of the individual semi-parametric models. This suggested that all four selected variables varied over space [69] and they were therefore all included in the model for further analysis.
Significance and Goodness-of-Fit
In the output of our GWR analysis, a significant relationship was indicated by a regression parameter estimate at a particular location (β n [i]) being significantly different from zero. We evaluated this using the t-statistic of that parameter at that location. Our significance threshold (for type 1 error) was p < 0.05 (two-tailed) and, therefore, values of the t-statistic greater than 1.96 or less than −1.96 at a given location were considered significant. We quantified the goodness-of-fit of our model at a given location using the "adjusted local R 2 value" [69] .
Spatial Autocorrelation
Residuals were also produced to test the difference between the observed and predicated values [44] . It was expected that the local models would produce a more randomly dispersed outcome when compared to the global model. Moran's I, which tests for spatial autocorrelation (SAC), was implemented in this case [31, 71, 74] .
Interviews (Qualitative Data)
We used the findings from our quantitative analyses to identify local areas of interest. The interview guide can be found in Appendix A. We targeted these areas with qualitative interviews
in order to better understand the detailed issues behind our findings, as well as the localisation of these issues [75] . We undertook seven face-to-face semi-structured interviews, with interviewees including civil servants, local stakeholders (commuters, employees and residents in Croydon) and TfL employees. Whilst the sample size of these interviews was small (and clearly not representative of the entire population), the richness of the data helped us to understand stakeholders' viewpoints and experiences [76] .
Results

Public Transport Accessibility Level in Croydon
Public transport accessibility level (PTAL) has been efficiently used in different transport planning processes and applied in measuring how well a place is connected to public transport services (i.e., assessing the access level of geographical areas) in London for many years [44, 49] [49] . Figure 3 shows the PTAL values for Croydon. The overall median access index value is 7.86 (min 0.19, max 60.9, SD 9.29), which is equivalent to the PTAL value 2, thus showing a relatively poor accessibility level to public transport services in Croydon. Furthermore, not surprisingly, residents living in central areas had excellent access to public transport (shown in red on the map), whereas people had poor access to public transport if they live in suburban areas in Croydon (shaded in blue). It can be argued that although PTAL is one of the essential approaches for measuring the accessibility and density of the public transport network in London, social impacts and more complicated spatial autocorrelations have not been taken into consideration in the PTAL analysis, which are therefore included and applied in this study. 
Global Versus Local Regression Models
We first fitted our data with a standard "global" (non-spatial) regression model ( Table 2 , left). However, we found that the goodness-of-fit (R 2 ) of this global regression model was only 0.34. We therefore next fitted the data using our GWR model ( 
We first fitted our data with a standard "global" (non-spatial) regression model ( Table 2 , left). However, we found that the goodness-of-fit (R 2 ) of this global regression model was only 0.34. We therefore next fitted the data using our GWR model (Table 2 , right). This provided us with an adjusted local R 2 value for each of the LSOAs, and these R 2 values varied greatly across the study area (range 0.00 to 0.85), with the best model fits (highest R 2 values, > 0.7) found in the more central, urbanised parts of Croydon, and the worst model fits (lowest R 2 values, < 0.1) found in the more easterly parts of Croydon where there is lower population density (Figure 4) . The mean local adjusted R 2 value for the GWR model was 0.74. There are extreme variations for all independent variables in the local results, with these variations highlighting that spatial heterogeneity is occurring, while also suggesting that certain locations are outliers. 
Spatial Autocorrelation
Moran's I was implemented on both the global and local models, with two tests being undertaken for robustness: Inverse Distance Squared and Queen's Case (Table 3) . It can be seen through the higher Moran's I score that there was more variation in the global models when compared to the local models, which suggests that GWR was the correct tool for this analysis [77] . There are extreme variations for all independent variables in the local results, with these variations highlighting that spatial heterogeneity is occurring, while also suggesting that certain locations are outliers.
Moran's I was implemented on both the global and local models, with two tests being undertaken for robustness: Inverse Distance Squared and Queen's Case (Table 3) . It can be seen through the higher Moran's I score that there was more variation in the global models when compared to the local models, which suggests that GWR was the correct tool for this analysis [77] . 
Results of Geographically Weighted Regression (GWR) Modelling
The remaining four variables were then included in the GWR process. A Gaussian model was run, with an adaptive bi-squared kernel, which produced an optimum bandwidth of 50. This bandwidth means that a local model was produced for each of the 220 data zones. The local AIC c , which tests the model optimisation, was 1358, which is a significant reduction from the global model which had a value of 1521, indicating that the model quality was much improved [69] .
We next plotted the values of our local parameter estimates, from the GWR model, against their respective geographical locations on a map of the study area. Areas which had parameters below the significance threshold (p > 0.05) were excluded and plotted as white ( Figure 5) .
From the figures, we found that being a young person had a strong positive relationship with accessibility (mean parameter value, 1.47; range −0.93-5.88; Figure 5A ). The impact was strongest along the western side of Croydon and was most strongly concentrated on the areas around the "interchange spine" (Figure 6 ), which is a transport hub in the central business district of Croydon where passengers can interchange between trams and to other forms of public transport. Secondly, having no qualifications had a negative relationship with accessibility (mean parameter value, −0.18; range −1.43-0.54), and this impact was again focused around the interchange spine ( Figure 5B ). Thirdly, we found that being born in the UK was negatively associated with accessibility (mean parameter value, −0.18; range −1.08-0.12), and this impact was mainly focused in the northern central areas of Croydon and around the "interchange spine" ( Figure 5C ). Finally, we found that living in socially rented accommodation had a largely positive association with accessibility (mean parameter value, 0.03; range −0.20-0.59). 
Discussion
The results show some positive and some negative outcomes for transport infrastructure as a liberating force against actors seeking to dominate the work of others [51] and, thus, emphasise that transport infrastructure alone cannot provide solutions for a more egalitarian society. Even so, in general, the results do show an overall positive impact and thus highlight transport infrastructure as a power neutraliser, creating human agency even if it does not guarantee justice for all [51] . It also shows variations across space which can be investigated in greater detail.
From several of the interviews, there was a feeling that the light-rail system did help human agency, especially from young people. It provided an opportunity to live in a relatively cheap area (£200-£300 less in rent compared to zone 2 of London) and then commute into London (albeit with potentially less convenience) or work within Croydon, as there are many opportunities through the large companies that already have established offices in the area. The fact that companies were already based in Croydon is a very important aspect of Croydon's success, as this provided the foundations on which regeneration could be successful. Therefore, when looking at the success of introducing young people to an area, the context is important. Through attracting young people, Croydon has attempted to reduce the intergenerational inequality that we have witnessed through years of failed housing policies, making homeownership more accessible to young people relative to the rest of London. This must be furthered as there was still a belief that the young people would not have this opportunity as the prices remain beyond what young people can realistically afford.
This young creative class have flocked to the area with the new job opportunities as well as the improved accessibility to central London [78] . This also links to the incumbent population though, 
This young creative class have flocked to the area with the new job opportunities as well as the improved accessibility to central London [78] . This also links to the incumbent population though, who are getting pushed out of certain areas by these young incomers and explains the mixed results for those with no qualifications or living in socially rented accommodation [78] . With regards to this young creative class, it must also be acknowledged that it was not purely the pull of Croydon itself that brought them to the area, however the job opportunities that were available, with several stating that they would still prefer to work closer to central London as they felt isolated in Croydon.
Through several interviews, it became clear that the negative association between being born in the UK and public transport accessibility was potentially a result of Croydon being so ethnically diverse, with 47.3% of the population white British, rather than issues of inclusivity [79] . The area now attracts young people and so it is not necessarily an issue of the native born leaving the area, however a realisation that London is a globalised city and Croydon is a more affordable area in which to live. As a result, Croydon is attractive to this influx of new transient migrants who see the borough as an affordable area with strong transport links within Croydon itself, however also to the rest of London. Native born residents' desires will also vary with a greater desire for quieter neighbourhoods or more open space than the immigrants entering the borough for work, for example. In other words, the negative association between accessibility and the share of native-born individuals could also imply that the native-born are not sensitive to spatial accessibility; they probably value other amenities.
This ethnic diversity was discussed by several interviewees who believed that communities were forming to a certain extent; however, there were still enclaves of isolation based upon ethnicity and more should be done to create inclusion within Croydon which could be identified within the GWR mapping. Inclusivity was not seen to be a major issue as many people lived in Croydon on a short-term basis while they set up opportunities within more established communities. This emphasises that material structures, such as the Tramlink, are not sufficient on their own and therefore must be complemented by immaterial measures if social equity in the form of an inclusive society is to be created.
Interviewees proposed that there were several reasons for the variation in accessibility's association with socially rented accommodation. The first reason identified was due to the cost of the interchange between modes of transport. Although transfer friction between public transport modes had already been reduced through the use of contactless and oyster card payment systems, creating more streamlined interchanges, the fiscal cost of the interchange was still an issue. For example, if people lived in the east of Croydon, where there was a negative association with social renters, then there was the additional cost of the tram itself before subsequently using another transport mode to complete their journey outside of Croydon. This was highlighted locally through the GWR and could be focused on within the interviews. Therefore, there was an added financial burden on a population that was already struggling, unlike those around the interchange spine who could save on the initial transport cost by walking to the interchange spine. Consequently, the improvement in accessibility has only occurred in theory as the cost means it is still relatively inaccessible. Policymakers are aware of this and ideas such as the London Hopper Fare [80] , allowing unlimited journeys within one hour on the tram and bus, does reduce this friction when travelling within Croydon, yet the commuter trains would still increase the fiscal burden and, therefore, we see the negative association within the east of Croydon.
A further opinion that was touched upon in the interviews was the fiscal burden of road building and maintenance which is also important in Croydon's context, especially due to the prolonged austerity measures. Without strong public transport offerings, there would be a greater amount of transport on the roads, which requires more money to maintain and therefore less public money for other projects and policies. Reducing the travel load will reduce the public spending burden, allowing public money to be spent on other means, such as immaterial structures to improve social equity through improved low-income accommodation [45] . This also highlights the ideals of the compact city and Transit Oriented Development (TOD), through to new urbanism, which would reduce road building and maintenance costs through the prevention of urban sprawl, while allowing a critical density for public transport to be realised [21, 22] .
Looking elsewhere for solutions, it can be seen that immaterial and material policies across Europe, particularly the Nordic countries, provide a strong foundation for policy in the UK. These countries slowed urban sprawl down in the 1980s and stopped it almost entirely in the early 1990s, with densification programs occurring in the largest cities in Sweden and Norway [45, 80] . There is evidence of this occurring within Croydon, however fragmented policy due to varying agendas across the different tiers within government means that progress has been modest and poorly implemented. If more integrated policy measures were in place, it would help to increase public transport competitiveness [45] . Through localised results, areas that could utilise densification programmes would be able to do so, focusing on the local level, which would improve the effectiveness of "bottom-up" governance.
It can be argued that this densification is against the wishes of the free market, yet interviewees suggested that it is cramped conditions that people attempted to alleviate themselves from when choosing suburban living within Croydon and not necessarily densification. The localised results highlight the success of the TOD around the intercept spine of Croydon, with mixed-use facilities currently in place [81] [82] [83] . It should be noted that to make these denser living environments liveable, there should be a rejection of "town cramming" with selective building producing areas that are of walking scale for everyday amenities to help those lower income households with the fiscal burden of transport [84] . This increased density will also increase the modal split to public transport [85] , as we have seen in Croydon, if these lower-income families can also walk or cycle to opportunities as it reduces the financial cost of everyday life. Further use of GWR analysis could highlight areas that would benefit from walkable neighbourhood interventions and improved cycle infrastructure.
Building on the lessons from the Nordic countries, we can actually see that Croydon is a more sustainable concept than the new plans for eco-towns, espousing Ebenezer Howard's garden city concept which is still popular within the current UK national government [82, 86, 87] . Instead of these new towns, effective retrofitting of sprawl through localised mapping allows for developments to be created within an existing community. In Croydon, the number of multinational companies that already have offices within the Borough provides opportunity to encourage even more companies into the area. This is far more sustainable-socially, environmentally and economically-than creating new towns that, in turn, create new travel demands as people seek to commute from these urban extensions to locations that already have employment, entertainment and retail opportunities [88] . It must be noted that with the new influx of opportunity comes the risk of an area losing its identity. Context is also important as there is no one single solution for every city or urban environment [62] . What Croydon has highlighted is that integrating and retrofitting can be more effective than the creation of new towns beyond the greenbelt (which cause greater travel demand to and from the established urban centres). Producing localised results could be the answer to effective retrofitting instead of blanket proposals within diverse urban spaces.
Although Tramlink identifies a relationship between social equality and spatial accessibility, more must be done. This is not just in the form of new tramlines, although certain interviewees believed lines in the southern districts of the Borough would be beneficial, however also through immaterial structures. Ideas about how to facilitate those who struggle to pay commuting fares, such as the free feeder buses seen in the Bus Rapid Transit (BRT) system of Bogota [89] , would relieve the financial burden on those that commute outside of Croydon through the commuter trains, alleviating the double cost of transport. In this sense, a system that cancels the tram payment if an individual makes a further journey on national rail services could allow low income households to enjoy the improved accessibility of Croydon without the added financial cost. Where there is a lack of critical density to support regular shuttle buses, smart scheduling such as that detailed in Banyai et al.'s [90] analysis for delivery services could be adapted to produce methods that would allow those living outside an active travel zone to gain access to such services. This would help to reduce unnecessary movements in providing free services as the demand for such services would fluctuate, especially where there is a lack of density to make formalized public transport feasible; this would be a method of adapting suburbia without costly retrofitting [90, 91] . Reducing demand for travel through effective intervention in the local context to encourage neighbourhoods to offer a greater selection of services could also be beneficial, with localised results highlighting areas that lack such facilities.
Conclusions
In general, there is an association between social equity (such as factors relating to young people, having no qualifications, being born in the UK and living in socially rented accommodation) and urban infrastructure within Croydon, however this was not homogeneous. Localised variations across space have been realized through demographic and socio-economic considerations of the urban environment. It was found that being a young person and living in socially rented accommodation had a largely positive relationship with accessibility, whereas having no qualifications and being born in the UK had a negative association with accessibility. This paper has furthered current research with a unique marriage of advanced spatial statistics and qualitative analysis, helping to create empirical evidence with regards to the urban environment's power in society. It takes the view that material and immaterial structures are essential in society and can help or hinder human agency, which has been disregarded by neoliberal political thinking. It has also proven that to promote effective "bottom-up" governance, localised analysis that varies across space is essential. If collectivism can regain its standing in society against neoliberal individualism, a "common wealth", such as light-rail systems, must be created. If implemented correctly, with interventions localised to effectively spend public money, regeneration projects will then be more inclusive and not be tainted with the negative connotations of gentrification.
Material structures such as Tramlink have helped some in society, yet many have not realised this improvement due to the financial cost of accessing the tram and, therefore, immaterial structures need to accompany the material projects to complement their achievements. The current governmental structure is flawed in this sense due to the fragmentation across several tiers in creating policy. These measures are top-down in nature and thus do not acknowledge the failings in projects as the decision-makers are isolated from the real effects of the projects. Through localised analysis, variations across space can be identified, helping to inform policy decisions and infrastructure interventions.
A regeneration plan looking beyond the material transport infrastructure is required to help society. Greater emphasis must focus on social equity aspects when evaluating the sustainability of planning practices, instead of merely focusing on the environmental and economic values. In the end, material structures alone cannot make or break a city, however in combination with immaterial structures, they can. If implemented correctly, we can witness the true power of the urban infrastructure, as a power neutraliser, which can help create greater social equity.
The findings of this research contradict the majority of current thinking which disregards the ability of the urban environment to prevent the perpetuity of growing social inequity. It realises that both the material structure of the transport infrastructure, as well as the immaterial attributes of society, in combination, help to create avenues for individuals to succeed and, therefore, the current UK government should be cautious with their continued austerity measures which negatively affect transport and help to perpetuate social inequity. It also believes that public money can be more efficiently spent if there are localised policy interventions that are informed by localised analysis which can pinpoint issues across space instead of blanket interventions across nonhomogeneous areas.
There are some limitations to this research. First, more attributes could be added and tested using the model if the relevant data are available. Second, comparative studies could be conducted using more boroughs and cities. Finally, this study only examined the association between spatial accessibility and the distributions of socio-economic groups, so further research could examine causal relationships.
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Appendix
• The relationship between accessibility and not having qualifications appears to be different to other socioeconomic variables. Have you any thoughts on why this might be?
